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Sunday, February 3, 2013 69aof conformational motion and discuss some simplified cases. In principal will
be shown that in a case of first approximation when the field equation holds
good with cosmological constant than macromolecular surfaces undergo to
vibrational motion and the frequency of such oscillations directly depends on
Ricci scalar. In another words when linear configuration of Einstein tensor
and metric tensor is proportional to energy stress tensor then equation of con-
formational motion reduces to simplified equation similar to Hooke’s low re-
written in tensorial form and has well defined mathematical solution.
Correspondingly the question why biological macromolecules do not have
single energetic minimums and fluctuate among many energetic minimums
will be answered.
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Protein conformation change depending not only on the values of temperature,
denaturant concentration but also on the values of solvent pH. The difference of
the pH-denaturation from the thermal or urea denaturation is that hydrogen
atoms (un)bind exclusively to R, K, Y, C, H, D, E amino acids. Thus the pH
effect on the protein conformation is selective so that the physico-chemical
machinery for the biological function of a protein frequently has its origin
due to the solvent pH. Although several previous approaches were suggested
to elucidate the (un)protonation behavior of a protein conformation, those
were mainly oriented on evaluating pKa values of titratable residues in a given
static protein conformation. The theoretical and calculation framework for de-
scribing the effect of solvent pH to the thermodynamic and kinetic properties of
proteins under the equilibrium fluctuation is indispensable for the fundamental
understanding of important biological phenomena of proteins.
Here we present a development of the pH-dependent free energy function of
proteins incorporating its equilibrium fluctuations based on the concept of
statistical physics. The validity of our approach is justified by reproducing
the experimental pKa values of titratable residues in several proteins. We
also present the analytical and calculation framework for describing the pH-
dependent thermodynamics and folding kinetics of proteins by the exact calcu-
lation. The effects of pH not only on the free energy landscape but also on the
folding characters of several proteins are discussed.
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All DNA Polymerases possess similar spatial features, functional properties,
and have similar discrete state kinetic mechanisms to describe function. One
of the fundamental goals in biophysics is to predict the mechanism, and even-
tually, the dynamics of protein function, from purely structural information. To
this end, normal mode analysis is a well-established first step. In fact, the lowest
frequency normal modes of proteins often correspond to the largest amplitude
conformational changes, and are thus likely to play a dominant role in a pro-
tein’s functional properties. We have both qualitatively and quantitatively ex-
plored the low frequency modes for the enzyme HIV1 Reverse Transcriptase,
with and without DNA bound to the polymerase active site, using an Elastic
Network model. We then compared the Elastic Network modes to those calcu-
lated from Essential Dynamics of nanosecond scale all-atom molecular dynam-
ics simulations. From these comparisons we have isolated specific large
amplitude modes of the protein corresponding to the fingers closing, in addition
to other torsional oscillations, and assess equilibrium states for both free poly-
merases as well as those bound with dsDNA.
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Normal modes in internal coordinates (IC) furnish an excellent way to model
functional collective motions. Here we present an enhanced version of our ver-
satile NMA-IC framework, iMod (1). Even though the complexity reduction
obtained from the IC and the employ of coarse-grained (CG) representations,
the diagonalization step remained as a bottleneck for large macromolecular
machines. Now, virus, long F-actin filaments or large microtubules can be stud-
ied with moderate CG representations by solving the large-scale eigenvalue
problem on shared-memory multiprocessors using ad doc algebra procedures.
Also, new parameterization of the elastic model has been done to improve
the overall conformational flexibility description. By extending its applicabilityto larger systems and by improving elastic network potentials, we expedite the
study of the collective conformational changes of such biological relevant com-
plexes and their functional implications.
1.Lo´pez-Blanco JR, Garzo´n JI, Chaco´n P. (2011) iMod: multipurpose normal
mode analysis in internal coordinates. Bioinformatics. 27 (20): 2843-2850.
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Ras proteins serve as crucial signaling modulators in cell proliferation through
their ability to hydrolyze GTP and cycle between GTP ‘‘On’’ and GTP ‘‘off’’
states. There are four different human Ras homologues and the sequence
homology is almost conserved at the catalytic domain. These homologues differ
in their ability to activate different effectors and hence different signaling path-
ways. Much of the previous work on Isoform specificity has attributed this
difference to the HVR region of Ras proteins which dictates its localization in
the membrane. In this work, we have analyzed the specific dynamics in the cat-
alytic domain of twoRasHomologuesH-ras andK-ras to probe for alterations in
the active site architecture that could possibly provide effector and modulator
specificity to the different isoforms. We explored the conformational dynamics
between of WT H-ras and K-Ras proteins and compared the conserved commu-
nications and residue interactions between these two proteins at the catalytic do-
main. We have also studied the dynamics of a transforming mutant of H-ras and
K-ras and an effector selective??? mutant of H-ras. Preliminarily analysis
revealed that there is a distinct conformational distribution for K-ras and
H-ras, including in the functionally important switch regions. Collectively we
have determined that wild type K-ras is more dynamic than H-ras and that the
structure of the effector binding loop more closely resembles that of the T35S
Raf-selectivemutant, providing new insight into themode of effector specificity
at the catalytic domain. Furthermorewe have determined that specificmutations
in H-ras and K-ras perturb the conformational equilibrium differently.
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We have used Molecular Dynamics (MD) simulation methods and two analyt-
ical approaches(the Gaussian Net- work Model(GNM) and Anisotropic
Network Model (ANM)) to investigate the structural and energetic details of
the S.cerevisiae topoII during the first step of its catalytic cycle. At the initial
state of the first step of its catalytic cycle, the protein and 34 bp straight-
DNA structure have no interaction. At the final state of the cycle, we have
the bended-DNA/TopoII complex where the protein binds to DNA. The results
show that DNA-gate and C-gate opening/closing mechanism causes the DNA-
bending before the DNA G- gate cleavage. There is strong agreement between
the theoratical and the experimental DNA-bending results where its global
bending is z 150^0.The results also show that there is a hysteresis between
DNA-bending and gate openings/closings. The transition of 3 helices on
Winked Helix Domain during DNA bending and cleavage states has been
also investigated because this transition might be important for the T-segment
DNA passage through the G-Segment DNA. Normal mode analysis is ad-
ditionally used to characterize the functional flexibity of the protein,especially
C-gate domain closing/opening during the DNA binding process and before its
cleavage.The Plastic Network Model(PNM) is also used to generate a confor-
mational change pathway for S.cerevisiae topoII based on two (C-gate closed
and open) crystal structures. PNM connects the energy basins corresponding
to known two crystal structures at their lowest common energies. Analysis of
PNM provides an identification of hinge motion upon DNA binding/bending.
We also showed that ’trapdoor’ mechanism causes faster closing of C-gate
domain of the protein than the closing of the same domain without TYR residue
upward motion. Because of its clinical importance, our study may provide new
insight into the dynamics and structure of TopoII-DNA complex.
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Adenylate kinase (ADK), which reversibly converts ATP and AMP to two ADP
molecules, has two conformational states, inactive (open) and active (closed);
crystal structures of both states were solved in mid 1990s. Numerous studies
using experiments as well as computer simulations have aimed to elucidate
the relationship between conformational rearrangement and ADK function.
70a Sunday, February 3, 2013However, the detailed mechanism of the switching between the states has not
been fully understood. Computationally, sampling the conformation space is
the key limitation. We therefore employ the ‘‘weighted ensemble’’ (WE) sim-
ulation technique, a parallel, enhanced sampling method for characterizing
non-equilibrium and equilibrium processes that would be impractical to ob-
serve using brute force simulation. Because it yields an ensemble of transition
events, WE provides a unique lens for examining the mechanism (i.e., the time
sequence of intermediate states), including possible heterogeneity, of confor-
mational switching in all-atom ADK.
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Estrogen receptor (ER) alpha is a hormone-activated transcription factor,
which comprises of a highly conserved structural organization including
a functional hormone binding domain (HBD) and a DNA binding domain
(DBD). The mechanisms by which HBD and DBD interact in the regulation
of hormone signaling are still unknown. Here, we apply a recently developed
coarse-grained (CG) simulation pipeline to characterize the energy landscape
of HBD-DBD interactions. First, CG models are built on HBD and DBD crys-
tal structures and on their electrostatic and hydrophobic interactions. Second,
ER molecular dynamics simulations are implemented and the sampling is en-
hanced by a push-pull-release strategy to comprehensively search for different
HBD-DBD orientations. Finally, simulated ER configurations are projected
onto a 3D energy globe and energetically stable conformations are identified.
We found that among five identified ER conformations, four of them adopt
very tight HBD-DBD packing utilizing a critical C-terminal helix (H12) as
a key mediator at the domain interfaces, while the other takes a rather ex-
tended conformation and forms loose HBD-DBD contacts at a distant site.
A closer examination also shows that while the binding sites from HBD for
the four compact conformations are close in proximity, the DBD sites vary
in contact residues and result into different HBD-DBD orientations. Detailed
analyses on decomposing interfacial energies show that the molecular fac-
tors stabilizing these assembled conformations are from hydrophobic instead
of electrostatic interactions. Taken together, these CG simulations and analy-
ses reveal multiple distinct ER conformations that are accessible on the
energy landscape and provide insight about HBD-DBD crosstalk into ER
activation.
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Recently we have put forward the efficacy of single residue perturbations for
a protein to populate its alternative conformational states[1-3]. In this work,
we explain why mutation or protonation of a single-residue can create substan-
tial conformational changes. First, we introduce a methodology which couples
the network-based perturbation-response scanning (PRS) technique[4] with
repeated constant force-steered molecular dynamics (CF-SMD)[5] simulations.
Second, we utilize Crooks’ fluctuation theorem[6] to measure the free-energy
differences between conformational states to classify the circumstances under
which a mutation or protonation achieves population shifts. Finally, we trace
the relationship between the non-equilibrium trajectories(NET) from CF-
SMD and redundant pathways in residue networks[1], and employ this relation-
ship in interpreting the outcomes of the fluctuation theorems so as to ferret out
the degree of collectivity in residue fluctuations.
Here are the procedure and sample results for calmodulin: (i)PRS takes the
most-populated calmodulin conformation(3cln) and identifies E31whose
directional-sensitive perturbations results in positional changes that yields the
best overlap with considerably less populated states[7,2];(ii) through extensive
MD simulations, E31A mutation reproduces structures consistent with those
from NMR experiments[8];(iii) repeated CF-SMD runs for E31A produce
NET between the two states, while those for E31 protonation do not;(iv) via
Crooks’ fluctuation theorem, we find the free-energy barrier between the two
states to be þ0.60kcal/mole for E31A. E31A MD runs reproduce conforma-
tional changes between states three orders of magnitude faster than in wild
type[7]. Analysis of the NET for redundant paths reveals collectivity induced
by strategically inserted point mutations.
1.Atilgan et al., Annu. Rev. Biophys. 41, 205(2012).
2.Atilgan et al., J. Chem. Phys. 135, 155102(2011).
3.Atilgan et al., Biophys. J. 99, 933(2010).
4.Atilgan and Atilgan, PLoS Comput. Biol. 5, e1000544(2009).5.Izrailev et al., Biophys. J.72, 1568(1997).
6.Crooks, Phys.Rev.E 60, 2721(1999).
7.Slaughter et al., J.Phys.Chem.B 109, 12658(2005).
8.Gsponer et al., Structure 16, 736(2008).
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Cadherin-mediated adhesion plays a crucial role in multicellular organisms.
Dysfunction of this adhesion system has major consequences in a number of
pathologies, including cancer invasion and metastasis. While crystallographic
structures for several cadherins show clear structural similarities, their relevant
adhesive strengths vary and their mechanisms of adhesion between types I and II
cadherin subfamilies are still unclear. The cadherin extracellular region is con-
sidered one of the dominant factors governing its adhesive properties, and unrav-
eling its mechanical properties should bring a better understanding of the
adhesion mechanism. Here, stretching of cadherins was explored experimen-
tally by atomic forcemicroscopy (AFM), and computationally by steeredmolec-
ular dynamics (SMD) simulations, where the dominance of partial unfolding of
the ectodomains was observed. SMD simulations on strand-swapping cadherin
dimers displayed similarity in binding strength, suggesting contributions of
other mechanisms to explain the strength differences of cell adhesion in vivo.
Systematic simulations on the unfolding of the extracellular domains of types
I and II cadherins revealed diverse pathways. However, at the earliest stage, a re-
markable similarity in unfolding was observed for the various type I cadherins
that was distinct from that for type II cadherins. This likely correlates positively
with their distinct adhesive properties, suggesting that the initial forced deforma-
tion in type I cadherins may be involved in cadherin-mediated adhesion.
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We have developed a computational approach to build an atomic model from
an electron microscope (EM) image of proteins. In this approach, many atomic
models are built first by deforming the X-ray crystal structure of the protein us-
ing a computational technique. Then, projection images of each atomic model
to many different directions are generated. Finally, they are compared to the
EM image. The atomic models with the projection images similar to the EM
image are regarded as the candidates for the atomic structure of the protein
from which the EM image was obtained.
This approach was applied to the EM images of integrin. Integrin is a membrane
protein with a huge extracellular domain, and participates in cell-cell and cell-
extracellular-matrix interactions. A group of integrins is known to perform
a large-scale conformational change when the protein is activated.
The X-ray crystal structure of integrin was solved for the closed conformation,
while many EM images were obtained for the open conformation. The differ-
ence of the two conformations is so large that it is difficult to build the atomic
model for the EM conformations by deforming the X-ray crystal structure using
conventional computational techniques. Thus, we have used the coarse-grained
model of the X-ray crystal structure to simulate the large-scale conformational
change.
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The platelet integrin aIIbb3 receptor plays a crucial role in thrombosis and
hemostasis. A full-length atomic structure of the receptor is required to fully
understand ligand binding and signaling. Guided by a 20.5 A˚ low-resolution
electron microscopy (EM) map of the intact receptor in phospholipid bilayer
nanodiscs, we used a combination of molecular dynamics flexible fitting
(MDFF) and steered MD methods to refine a complete atomic structure of
the human aIIbb3 ectodomain into the EM maps. The complete ectodomain
was built using the closed aIIbb3 crystal structure and ab-initio methods to re-
construct missing loops. Several landmarks guided the MDFF, including bind-
ing of mAbs to specific domains as revealed by negative stain images. The
characteristic shape of the aIIb b-propeller and the mAb binding sites furnished
